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• H
igh sensitivity, high resolution spectroscopy.

• Polarim
etry

• Interferom
etry

Them
e

 In the first 40 years of X
-ray astronom

y w
e increased

sensitivity by a factor of 10
9, im

age resolution by
2.5x10

5, spectral resolution by 10
4, tim

ing resolution by
10

4. H
ow

 do w
e keep this progress up for the next 40

years ?
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X
-rays on Ice

The X
RS X

-ray
m

icrocalorim
eter

built for A
stro-E (the

fifth Japanese X
-ray

astronom
y satellite)

Resolution :
9 - 12 eV

 FW
H

M
(0.5 - 10 keV

)
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Inserting the H
e

dew
ar in the N

e
dew

ar

A
 solid N

e dew
ar

outside a liquid H
e

dew
ar outside an

adiabatic
dem

agnetization
refrigerator.
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A
stro-E Launch - February 2000
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20 seconds
and going

w
ell
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U
h - oh



X
-ray School 2003 Y

ou really don’t
w

ant to see this

A
stro-E is being rebuilt as

A
stro-E2 and w

ill be
launched in Feb 2005.

Rebuilt calorim
eter now

has resolution of 6 eV
.
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Constellation-X
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oUse X-ray spectroscopy to observe
ß

B
lack holes: strong gravity &

 evolution
ß

Large scale structure in the U
niverse &

 trace
the underlying dark m

atter
ß

P
roduction and recycling of the elem

ents

oM
ission param

eters
ßTelescope area: 3 m

2 at 1 keV
 100 tim

es XM
M

/Chandra for high res. spectra
ßSpectral resolving pow

er: 300-3,000
   5 tim

es im
provem

ent at 6 keV
ßBand pass: 0.25 to 40 keV
 100 tim

es m
ore sensitive at 40 keV

Constellation-X
 O

verview
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• ESA
 proposed m

ission
for low

 Earth orbit.

• 6 m
2 of collecting area

at 1 keV
.

• Im
aging resolution

goal of 2" H
EW

 (H
alf

Energy W
idth) at 1 keV

.

• Lim
iting sensitivity

100 tim
es deeper than

X
M

M
-N

EW
TO

N
.

X
EU

S

• Spectral resolution
of 1 to 10 eV

 betw
een

0.05 and 30 keV
.
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• A
fter com

pletion of the initial 4-6 year m
ission

phase, X
EU

S w
ill rendezvous w

ith the ISS for
refurbishm

ent and adding extra m
irror area.

•  N
ew

 detector spacecraft w
ith next generation of

focal plane technologies.

• G
row

n m
irror w

ill have 30 m
2 collecting area at 1

keV
;  3 m

2 at 8 keV
.

•  Sensitivity 250 tim
es better than X

M
M

-N
EW

TO
N

.

X
EU

S II
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C
on-x
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G
eneration X

o Scientific goal:  to probe the X
-ray em

ission from
 the

universe at z = 5-10.

o A
n effective area of 150 m

2 at 1 keV
 w

ith an angular
resolution of ~ 0.1 arc second.

o D
etect sources 1000 tim

es fainter than Chandra  (flux
lim

it of 2 x 10
-20 ergs/cm

2/s).

o O
btain high resolution spectra from

 sources 100-1000
x fainter than observable by Constellation-X

.

o Six identical satellites w
ith 40 to 150 m

 focal length to
L2.



Telescope Evolution
No.
of
m

od
s

Angu
lar

HPD

Eff. Area @
 1

keV (cm
2!) per

m
od.

M
ass

(kg) per
m

od.

Notes

C
h

an
d

ra
1

0.5"
1,000

1,000
G

round and polished
glass shells

X
M

M
-N

ew
to

n
3

15"
1,500

420
R

eplicated N
i shells

A
stro

-E
5

90"
400

12
R

eplicated A
l segm

ents

C
o

n
stellatio

n
-X

4
15"

7,500
420

M
aterial and

technology under
study/developm

ent

G
en

eratio
n

-X
6

0.1"
250,000

3,000
M

aterials and fabrication
technology to be
determ

ined
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W
hy X

-ray Polarim
etry ?

• Because it’s there ! W
henever w

e look at the U
niverse

in a new
 w

ay w
e m

ake unexpected discoveries.

• W
e expect polarization from

 X
-ray synchrotron

sources such as SN
R and jets. A

lso from
 X

-ray
reflection in binaries and A

G
N

.
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echanism
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Exam
ples



X
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ED
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But can w
e detect X

-ray polarization ?

•There is one detection of X
-ray polarization - that of the

Crab N
ebula SN

R.

• N
o X

-ray polarim
eter has flow

n on a satellite since the
1970s.

• There is a new
 idea for a m

ore efficient polarim
eter…
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M
easuring Polarization
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Electron
Tracks

Bellazzini et al.
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M
icrow

ell detector

Bellazzini et al.
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Bellazzini et al.
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A
ccum

ulation of m
any events

5.9 KeV unpolarized
5.4 KeV polarized

Bellazzini et al.
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X
-ray Interferom

etry

• W
hile astronom

ical sensitivity has increased by a vast
factor im

aging resolution has not. H
ST is only 100 tim

es
better than G

alileo’s telescope.

• To do better requires interferom
etry.

• Radio interferom
etry is w

ell developed but baselines
are very long and few

 sources have high enough surface
brightness in the radio band.

• O
ptical interferom

etry is in the experim
ental stage and

m
illiarcsec resolutions should be achievable.
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X
-ray Interferom

etry II
 The X

-ray band is the natural place for interferom
etry !

• M
icroarcsecond resolutions are possible w

ith a
baseline of ~10 m

eters.

• X
-ray sources have very high surface brightness on

m
icroarcsecond scales.

X
-ray interferom

etry allow
s virtual interstellar travel…
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1 m
illiarcsecond
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1 m
icroarcsecond
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Scientific G
oals
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Laboratory test

Fringes at 8.35 Å
25 Novem

ber 2002
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Test set-up at G
oddard
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M
A

X
IM

 Pathfinder

Launch

Transfer Stage

Science Phase #
1

Low Resolution (100 mas)
200 km

Science Phase #
2

H
igh Resolution

(100 nas)

1 km

20,000 km
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Tim
eline

2004          Sw
ift (U

S)
2005          A

stro-E2 (Japan-U
S)

2007          A
strosat (India)

2009?        N
eX

T (Japan-?)

2013?        Constellation-X
 (U

S)

2015??      X
EU

S (ESA
), M

axim
 Pathfinder (U

S)

2025???    G
eneration-X

 (U
S), M

axim
 (U

S)


